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Purpose: 99mTc-Methoxyisobutylisonitrile (99mTc-MIBI)-guided surgery for the detection of
abnormal parathyroid glands in primary hyperparathyroidism (1-HPT) has gained popular-
ity as an effective technique. However, in secondary hyperparathyroidism (2-HPT), the
efficacy of this method remains controversial, especially for the recurrence sites of 2-HPT.
Methods: 99mTc-MIBI-guided surgerywas performed for 28 recurrent sites of transplanted para-
thyroid tissue in 4 patients, and the detection rates of this method were compared with the
results of preoperative ultrasound (US) examination andcomputed tomography (CT) scanning.
Results: The results of 99mTc-MIBI-guided surgery for regions of recurrence were a sensitivity
of 100% (28/28) and an accuracy of 100% (29/29), compared with preoperative US and CT
which had a sensitivity of 92.9% (26/28) and 0% (0/28), and an accuracy of 89.7% (26/29)
and 0% (0/28), respectively.
Conclusions: Intraoperative 99mTc-MIBI-guided surgery can identify recurrent parathyroid
tissues of 2-HPT more precisely than preoperative US examination or CT scanning, and
makes the surgery easier to perform.
ª 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction In this technique, 99mTc-MIBI is administered intravenouslyMIBI is a lipid-soluble complex that binds to the mitochon-
drial membrane and is known to accumulate in cells with
a rich mitochondrial content such as myocardiocytes, eosin-
ophilic parathyroid cells, and benign and malignant tu-
mours in the proliferative phase.1 Radioguided surgery has
become a widely used technique for 1-HPT, in which the
pathology in 85% of cases is an adenoma of a single gland.1; fax: þ81 3 3480 8295.
Takeyama).
al Associates Ltd. Publishand the site of accumulation is identified intraoperatively
using a g-counter; reported accuracies are greater than
90%.2–5
In the present study, considering that eosinophilic cells
rich in mitochondria are also present in 2-HPT, we investi-
gated whether the use of intraoperative 99mTc-MIBI scintigra-
phy facilitated the identification of 2-HPT tissue, especially in
the recurrence of transplanted sites.ed by Elsevier Ltd. All rights reserved.
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2.1. Cases
Among 118 patients with 2-HPT who underwent parathyroid-
ectomy (PTX) between January 2000 and December 2005 in our
department, we studied 28 glands in sites of recurrence at
transplant sites in 4 patients. The patients comprised 2 males
and 2 females, with an average age of 53.6 years (range, 42–68
years).
The 4 patients with recurrent disease ranged in age from 6
to 11 years after total PTX with autotransplantation. They
exhibited hypercalcemia resistant to medical treatment, re-
currence of hyperparathormonaemia. They had a clinical pre-
sentation of ‘‘joint pain’’ affecting the heel and other joints,
and generalised pruritus thought to be caused by hypercalce-
mia in all 4 cases. Whole-body bone surveys also revealed
bone decalcification and osteitis fibrosa in all patients.
We suspected proliferation of parathyroid tissue trans-
planted intramuscularly in all 4 subjects, because the parathy-
roid glands could not be identified in the cervical and
mediastinal regions by US and CT scanning.
2.2. Laboratory and radiological examinations
Preoperative laboratory examinations such as blood cell
counts, and biochemical tests including PTH-i, Ca, and Pi
measurements were performed. Preoperative radiological in-
vestigations comprised cervical US and chest CT in all cases.
Radioguided detection using intraoperative MIBI (Intra-MIBI)
scintigraphy was also performed in all cases.
Postoperative laboratory examinations including serum
PTH-i, Ca, and Pi measurements were performed on the day
of surgery, and on the third and 30th days of surgery. US, CT
and MIBI scanning were also performed on the 30th day of
surgery.
2.3. Operative procedures for radioguided detection
using Intra-MIBI scintigraphy
According to the operative records, the initial surgerywas per-
formed in 2 of the 4 cases in 1995. Parathyroid tissue sections,
each 3–4 mm3 in size, were transplanted into muscles of the
right forearm, 11 sections in 1 case and 15 in the other. The
remaining 2 subjects underwent surgery in 1998 and 2000.
Clusters of 2 or 3 parathyroid sections were transplanted
into 4 or 6 locations in the right gastrocnemius muscle,
respectively.
One hour prior to the second operation, 200 MBq of
99mTc-MIBI was administered intravenously and the area
surrounding the previous surgical scar was infiltrated with
a local anaesthetic. An incision was made directly over
the transplanted tissue using the scar from the previous
surgery as a guide. After exposing the gastrocnemius or bra-
chioradialis muscle, areas with radiation counts 20% above
that of the surrounding muscle were examined, and any tu-
mours present were resected. Radiation counts of the
resected tumours and tumour beds were measured using
the g-counter, and all tumours were immediately sent forintraoperative histopathological examination and measured
for size and weight. A portion of the transplanted glands
was freeze-preserved under aseptic conditions for future
re-transplantation.
When a parathyroid tumour could not be ruled out from
the morphology by preoperative US and CT scanning, the
lesion was excised and sent for intraoperative pathological
examination to confirm tissue diagnosis, even when the
mass had an intraoperative radiation count less than 20%
above the baseline level.3. Results
3.1. Intraoperative pathological examination
A total of 29 lesions were resected from the 4 patients with re-
currence in transplanted parathyroid tissue. In the 2 patients
who underwent surgery in 1995, with 11 and 15 sections of
parathyroid tissue transplanted into the muscles of the right
forearm, 8 of 11 and 11of 15 tumours each were resected in
the second operation. In the other 2 patientswho had received
transplants of 4 or 6 clusters in the right gastrocnemius mus-
cle at the first operation in 1998–2000, 4 of 4 and 6 of 6 tumours
each were resected at this time.
Intraoperative pathological examination confirmed that 28
of the 29 resected lesions were parathyroid tissue, while 1 of
the forearm specimens was an epidermal cyst. The sizes of
the 28 parathyroid tumours ranged from 12 to 360 mm3; the
final tissue diagnosis was parathyroid hyperplasia in all cases.
3.2. Laboratory and radiological examinations
3.2.1. Serology
3.2.1.1. Preoperative examination. Preoperative laboratory re-
sults for the 4 patients with site recurrence were: PTH-i 780–
2900 pg/mL (mean, 983 pg/mL) and calcium (Ca) 9.8–11.6 mg/
mL (mean, 10.6 mg/mL). Elevated Pi concentrations were also
seen in all patients with recurrent 2-HPT, with a Ca Pi con-
centration of >60 mg/mL.
3.2.1.2. Postoperative examination. Efficacy of PTX was dem-
onstrated in all the 4 transplanted cases, with serum PTH con-
centrations reduced to normal or less than normal within 24 h
of surgery.
3.2.2. Evaluation of parathyroid glands by US, CT, and
Intra-MIBI-guided detection
Based on the tissue diagnoses, we evaluated the diagnostic
precision of preoperative US, CT, and radioguided detection
using Intra-MIBI for the 28 transplanted parathyroid tissues.
If the area indicated by imaging examinations contained ab-
normal parathyroid tissue, it was considered as true positive.
The rates of true positivity and true negativity, and the sensi-
tivity and accuracy of these examinations, were calculated. In
Intra-MIBI assessment,we included resected lesions thatwere
suspected to be parathyroid tissue on the basis of preoperative
US and CT or morphology during Intra-MIBI-guided opera-
tions, despite radiation counts of less than 20% above the
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i n t e r n a t i o n a l j o u r n a l o f s u r g e r y 6 ( 2 0 0 8 ) 1 8 4 – 1 8 8186baseline level. Tumours were sent for intraoperative patho-
logical examination to confirm the tissue diagnosis.
Rates of successful detection for parathyroid glands in the
transplanted cases using these imaging examinations are
summarised in Table 1.
3.2.2.1. US examination. US identified 27 suspicious lesions, of
which 26were parathyroid tissue and 1was an epidermal cyst,
among 28 transplanted parathyroid tissues (Fig. 1):
[true positive 26, sensitivity 92.9% (26/28), accuracy 89.7%
(26/29)].
3.2.2.2. CT scanning. Among the total of 28 parathyroid tu-
mours, no intramuscular lesions were detected using CT
scanning:
[true positive 0, sensitivity 0% (0/28), accuracy 0% (0/28)].
3.2.2.3. Intra-MIBI-guided detection. A total of 29 lesions were
identified and resected using Intra-MIBI-guided surgery (Figs.
2 and 3). Twenty-eight of the 29 lesions were confirmed as
parathyroid tissue by intraoperative pathological examina-
tion. The single true-negative lesion was an epidermal cyst
that had arisen from the forearm muscle:
[true positive 28, true negative 1, sensitivity 100% (28/28),
accuracy 100% (29/29)].
The baseline radiation counts for muscles ranged from 200
to 450 counts/s. The counts for the lesions that were
confirmed to be parathyroid tissue ranged from 300 to 570
counts/s, corresponding to 1.27–1.5 times the baseline counts.
Radiation counts for the resected lesions ranged from 15 to 88
counts/s, being 8.3–27.0% of the background counts.
The count for epidermal cyst with a morphology resem-
bling transplanted parathyroid tissue was 1 count/s, which
was 0.5% of the background count.
After confirming that the radiation counts for the tumour
bed and surroundingmuscle tissuewere approximately equal,
the surgical wound was closed.T
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84. Discussion
Myocardial and parathyroid scintigraphy exploits the fact that
MIBI tends to accumulate in the mitochondria-rich myocar-
dium, parathyroid acidophilic cells, and in benign and malig-
nant tumours in the growth phase. Cases of 1-HPT are mostly
adenoma with monoclonal proliferation, and only 1 gland is
enlarged in approximately 85% of the cases. As a result, the
so-called minimally invasive radioguided surgery has become
a popular treatment for 1-HPT. In this procedure, 99mTc-MIBI is
intravenously administered immediately prior to surgery and
a g-counter is used intraoperatively to identify areas of radia-
tion accumulation. The hot-spot is then excised through
a small incision. The diagnostic accuracy of this procedure
has been reported to be more than 90% for 1-HPT.2–4 Murphy
and Norman have also reported that all excised tissue with
a count higher than 20% above the background is parathyroid
adenoma, thus obviating the need for confirmation by frozen-
section analysis.5
For 2-HPT, however, the rate of detection of abnormal
parathyroids by 99mTc-MIBI scintigraphy is considered to be
Fig. 3 – Intraoperative 99mTc-MIBI-guided surgery in the
forearm muscle. g-Counter detected high radiation count
nodules in the right forearmmuscle as suspected recurrent
transplanted glands (arrows). These nodules were resected
and sent to intraoperative pathological examination.
Fig. 1 – US examination of recurrent parathyroid in the
forearm muscle. US suggested 2 nodules as recurrent
parathyroid nodules. One nodule (arrow) was diagnosed as
parathyroid tissue, and the other (double arrows) as an
epidermal cyst by intraoperative pathological
examination.
i n t e rn a t i o n a l j o u rn a l o f s u r g e r y 6 ( 2 0 0 8 ) 1 8 4 – 1 8 8 187lower in comparison. First, in terms of pathology, 2-HPT is hy-
perplasia with polyclonal proliferation, and consequently its
tissue accumulation of 99mTc-MIBI is weak. Second, long-
term dialysis can markedly enlarge 1 or 2 parathyroid glands,
whereas the others become diminished in comparison. Preop-
erative measurements from the body surface detect 99mTc-
MIBI only in the markedly enlarged glands, thus masking
mildly enlarged glands and making it difficult to identify all
glands. As a result,many studies have found that preoperative
99mTc-MIBI scintigraphy is not useful for 2-HPT.6–8
But 2-HPT contains many mitochondria-rich acidophilic
cells, which take up 99mTc-MIBI at the same rate as 1-HPT.Fig. 2 – Intraoperative 99mTc-MIBI scintigraphy. The patient
was administered 200 MBq of 99mTc-MIBI intravenously
1 h prior to surgery. Several hot-spots were detected in the
forearm muscle as suspected recurrent transplanted
glands (arrows).Moreover, long-term dialysis causes hyperplasia with mono-
clonal proliferation, leading to formation of nodules.9
Considering the above issues, we hypothesise that in cases
of 2-HPT, particularly in transplant recurrence cases that are
relatively little influenced by 99mTc-MIBI accumulation in the
vicinity of the thyroid gland, it should be possible to detect
even mildly enlarged parathyroid nodules by measuring radi-
ation counts from inside the body and comparing them with
baselinemuscle values. Therefore, we compared the detection
success rates using Intra-MIBI with the results of preoperative
US and CT.
For the cases of transplanted parathyroid tissue, the sensi-
tivity and accuracy of US were favourable, and indicated that
preoperative ultrasonography was a useful diagnostic modal-
ity for detection of transplanted recurrent segments.
Plain CT scanning was unable to identify intramuscular
transplanted masses. As parathyroid tissue is a hormone-
producing organ with abundant blood flow, we suppose that
dynamic CT with contrast media might therefore be more
effective for detecting transplanted tissues.
In the present study, the radiation counts for all the 6
ectopic parathyroid gland lesions were higher than 20% of
the background. All the 28 transplanted parathyroid lesions
also showed radiation counts at least 20% higher than the
surrounding muscle tissue and were successfully resected.
Chen et al.10 reported that even with 2-HPT lesions, the
radiation count was higher than 20% of the background,
as with 1-HPT. Therefore, our findings are in agreement
with this result.
Intra-MIBI-guided detection showed the highest sensitivity
and accuracy. By the third postoperative day serum PTH
values had declined to the normal range or below in all 4
cases, confirming the efficacy of surgery incorporating Intra-
MIBI.
These results suggest that the lesions showing radiation
counts more than 20% higher than the surrounding muscle
i n t e r n a t i o n a l j o u r n a l o f s u r g e r y 6 ( 2 0 0 8 ) 1 8 4 – 1 8 8188tissue on Intra-MIBI scintigraphy, and detected by US preoper-
atively, were secreting large amounts of PTH. But only 4 pa-
tients in this study had cases of recurrence; more such cases
will need to be studied in order to obtain more precise data
on the accumulation ratio.
At present, the serum PTH levels in these 4 patients are be-
ingmaintained at 10–300 pg/mL using low doses of Vitamin D,
and this is within the range recommended for postoperative
maintenance dialysis therapy.11 These patients are closely be-
ing followed up without further parathyroid transplantation.
In conclusion, intraoperative 99mTc-MIBI-guided surgery
shows considerable promise for identifying transplanted
tissues of 2-HPT. As surgery for 2-HPT is necessary in order
to resect all parathyroid tissues, precise identification of para-
thyroid glands using Intra-MIBI may reduce the likelihood of
recurrence.
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